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Abstract 

Osmia pilicornis is distributed from western temperate Europe to western Siberia, where it exclusively 
occurs in open-structured, mesophilous and mainly deciduous woodland below 1000 m a.s.l. In Central 
Europe, its peak activity ranges from the last third of March to the first third of June. Due to its rarity 
and its low population densities over most of its range, the biology of O. pilicornis was only fragmentarily 
known. The discovery of six nests in the course of the present study revealed that females of O. pilicornis 
have a unique nesting behaviour among the osmiine bees: they gnaw their nests in dead wood with the 
aid of their strong mandibles, which have a peculiar chisel-like shape hypothesized to be an adaptation 
to the species’ specialized nesting behaviour. All six nests were in dead fallen branches of different tree 
and shrub species and of varying wood hardness. The nesting branches had a diameter of 1.5—6.1 cm, 
lay on sun-exposed ground and were largely hidden under vegetation. The nests contained one to three 
linearly arranged brood cells. Both cell partitions and nest plug were built from chewed leaves harvested 
from Fragaria vesca. Osmia pilicornis was identified as a new host of the chrysidid wasp Chrysura hirsuta, 
and the ichneumonid wasp Hoplocryptus confector developed in its nests. Microscopical analysis of scopal 
pollen loads of collected females revealed that pollen is mainly collected from three plant taxa, i.e. Pulmo- 


naria (Boraginaceae), Fabaceae (e.g. Lathyrus, Vicia) and Lamiaceae (e.g. Ajuga, Glechoma). On flowers 
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of Pulmonaria, which is the most important pollen host over most of the species’ range, the females use 
specialized bristles on their proboscis to brush pollen out of the narrow corolla tube, they almost exclu- 
sively exploit pollen-rich flowers in the early red stage and they often steal pollen from still closed flowers 
by forcefully opening buds. On their search for females, males of O. pilicornis patrol flowers of Pulmonaria 
in a rapid flight regularly interrupted by short resting periods on the ground. Females are grasped for 
copulation both during flower visits and in flight between the flowers. The wide spectrum of semi-open 
mesophilous woodland types colonized by O. pilicornis suggests that dead fallen branches and a rich spring 
flora in combination with a rather warm but not xeric microclimate are the only requisites needed by the 
species. As the great majority of woodland habitats currently occupied by O. pilicornis in Central Europe 
owe their origin to human forest use, the recent decline of O. pilicornis in many regions of Europe may 
have been caused by changes in woodland management practices leading to closed and dark forests not 


suitable as habitats for this specialized bee species. 


Keywords 
Apiformes, Chrysura hirsuta, dead wood, Hoplocryptus confector, Pulmonaria, nesting behaviour, open- 


structured woodland 


Introduction 


Osmia pilicornis Smith is a member of the large holarctic subgenus Me/anosmia repre- 
sented by 12 species in Europe (Miiller 2016). Most of the European Melanosmia spe- 
cies are adapted to colder climates and typically occur in mountainous habitats, often 
exhibiting an alpine, boreoalpine or boreal distribution (Tkalct 1983, Rightmyer et 
al. 2010, Miiller 2016). Osmia pilicornis, whose distribution area ranges from western 
over central and eastern temperate Europe to western Siberia, belongs to those few 
European Melanosmia species, which are restricted to lower elevations. Its early appear- 
ance in spring and its exclusive occurrence in mainly mesophilous woodland habitats, 
however, suggests a moderate preference for colder climates revealing its afhliation to 
Melanosmia. 

Osmia pilicornis is regarded as a rare bee species over most of its range (Westrich 
1989, Amiet et al. 2004, Westrich et al. 2008, Falk and Lewington 2015). In several 
European countries, it is listed on regional or national red lists since its populations 
have declined in many regions in recent decades (Amiet 1994, Winter 1994, Dathe 
and Saure 2000, Saure 2005, Westrich et al. 2000, 2008, Van der Smissen 2001, 
Theunert 2002, Mandery et al. 2003, Burger et al. 2004, Burger 2005, Straka 2005, 
Tischendorf et al. 2009, Esser et al. 2010, Earwaker 2012). Changes in woodland 
management practices are assumed to be a major cause of its decline, resulting in a lack 
of suitable food plants and nesting sites (Earwaker 2012, 2014). Given the threatened 
status of O. pilicornis in parts of its European range, knowledge of the species’ require- 
ments for nesting sites, host plants and habitat characteristics is needed to aid in its 
conservation. 

The preference of Osmia pilicornis for the flowers of Pulmonaria (Boraginaceae) as 


pollen hosts has been known for a long time (Stoeckhert 1933, Westrich 1989, Miiller 
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1995, Amiet et al. 2004, Ebmer 2010), as has the presence of specialized bristles on the 
female proboscis, which are used to brush pollen out of the narrow Pulmonaria corolla 
tubes (Miiller 1995). In contrast, the nesting biology of O. pilicornis is virtually unknown. 
While masticated leaves (“leaf pulp”) have recently been identified as nest building mate- 
rial (Westrich 2010), the nesting sites are still enigmatic. Depending on the author, O. 
pilicornis was assumed to burrow in stony ground (Wallis 1886), to nest in empty snail 
shells (Friese 1911, Banaszak and Romasenko 2001), to gnaw burrows in dead wood 
(Wallis 1886, Perkins 1891), to nest in old tree stumps or branches lying on the ground 
(Bliithgen 1919, Stoeckhert 1933, Chambers 1949), to build brood cells under loose 
bark (Amiet et al. 2004) or to colonize preexisting insect borings in dead wood (Earwaker 
2014, Falk and Lewington 2015). While the assumption that O. pilicornis nests in the 
ground or in snail shells appears to be unlikely and is probably due to misidentifications 
with similar species, all the other literature records clearly suggest dead wood as nesting 
substrate. However, as no nests in dead wood have ever been described in detail, the ques- 
tion remains open whether the females of O. pilicornis excavate their own burrows, build 
their brood cells under loose bark or nest in insect borings. 

In the present publication, we describe nesting site, nest architecture and nesting 
behaviour of Osmia pilicornis based on the recent discovery of several nests in Germany 
and Austria. In addition, we report on a hitherto unknown host-parasitoid relationship 
between O. pilicornis and a chrysidid wasp, investigate host-plant spectrum and flower- 
visiting behaviour based on both analysis of female pollen loads and field observations 
and describe the mating strategies of the males. Furthermore, we present a comprehen- 
sive distribution map and characterize phenology and habitat of O. pilicornis focussing 
on Central Europe. 


Methods 


To elucidate the distribution of Osmia pilicornis, we conducted a comprehensive lit- 
erature study, gathered unpublished records from European entomological collections 
and retrieved distributional data from several public databases. Numerous additional 
records were provided by bee researchers all over Europe. For details see Acknowledg- 
ments and Suppl. material 1, which contains a complete list of all distributional data. 

To evaluate the phenology of Osmia pilicornis in Central Europe, all records were 
considered that could be assigned to sex and an exact date. Central Europe is defined 
here as the area that comprises Austria, Czech Republic, Germany, Hungary, Poland, 
Switzerland, Slovakia and Slovenia. 

Field work was mainly conducted in southern Germany near Crailsheim (Baden- 
Wiirttemberg) from 12 April to 15 May 2015 and from 10 April to 30 May 2016. 
Additional study sites were near Ernstbrunn (Niederésterreich) in northeastern Austria 
and near Flaach (Ziirich) and Schaffhausen (Schaffhausen) in northern Switzerland, 
where field work was done in April and May 2016. The four study sites differed in 
the Pulmonaria species available for Osmia pilicornis: the first contained only P. mollis 
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Wulfen ex Hornemann, the second and third only P. officinalis Linné and the fourth 
only P. obscura Dumottier. 

To uncover the pollen-host preferences of Osmia pilicornis, the scopal pollen con- 
tents of 52 female specimens collected at 49 different localities in Austria (n=18), Ger- 
many (n=16), Switzerland (n=13) and the Czech Republic (n=5) from 1903 to 2013 
as well as the pollen provisions of three brood cells originating from two nests were 
microscopically analysed following the method of Miiller (2015). 

Flowers of Pulmonaria change their colour from red to blue during anthesis, which 
lasts about five to eight days (Oberrath et al. 1995, Oberrath and Bohning-Gaese 
1999). This colour change, which takes place approximately in the middle of anthe- 
sis, is caused only by aging and thus independent of pollination (Siissenguth 1936, 
Oberrath et al. 1995). To investigate whether females of Osmia pilicornis discriminate 
between Pulmonaria flowers in the early red and the late blue stage, we counted flower 
visits on red and blue flowers of P. mollis on a plot of 15x15 m on six days during ten 
intervals each lasting from 0.5 to 2.5 h. Counting occurred during two periods from 7 
to 10 May 2016 and from 20 to 21 May 2016. After each interval, the total number 
of red and blue flowers of all plant individuals that were visited by the female bees was 
determined. To compare the nectar quantity contained in Pulmonaria flowers of the 
red and the blue stage, we determined the nectar amount in 33 red and 33 blue flowers 
of P. mollis with 10 ul microcapillaries. The flowers for nectar quantification were col- 
lected on the same day in early morning before the onset of insect activity. To compare 
the pollen quantity contained in Pulmonaria flowers of the red and the blue stage, we 
determined the pollen amount in 20 red and 20 blue flowers each of P. obscura and 
P. officinalis. As a proxy for the pollen amount we estimated the proportion of the 
thecal surface that was covered by pollen (to the nearest 10%) separately for each of 
the ten thecae of a flower and averaged the ten percentages to get an average degree of 
thecal pollen coverage for each flower. For both Pulmonaria species, the flowers were 
collected on the same day between 11 and 12 am, stored in open eppendorf tubes and 
slit the following morning for pollen quantification. To investigate the proportion of 
already dehisced vs. still closed anthers in flowers of the late bud stage, we opened 20 
buds of P. officinalis. 

Pulmonaria is distylous with two floral morphs, which occur on separate plants 
and differ in the relative height of anthers and stigma and the size of the pollen grains 
(Olsen 1979; Fig. 27, 28). The ratio of plants with longistylous and brevistylous flow- 
ers often deviates from 1:1 within the same population and may vary between differ- 
ent populations (Brys et al. 2008). To investigate whether females of Osmia pilicornis 
prefer one of the two floral morphs, the morph of each P. mollis plant growing on the 
15x15 m study plot was determined after the female flower-visiting behaviour was 
recorded (see above). 

To take photos, video sequences and photomicrographs, we used a Canon EOS 
70D with 150 mm macro lens and macro flashlights, a Camcorder Panasonic HC 
V777 and a digital microscope Keyence VHX-2000, respectively. For statistical analy- 
ses, SPSS 22.0.0.2 for Macintosh OS X (SPSS Inc., Chicago, IL, USA) was used. 
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Results 


Distribution 


Osmia pilicornis occurs from western, central and eastern temperate Europe eastwards to 
the Kemerovo region in western Siberia (Fig. 1). It inhabits a rather narrow belt between 
44,5° and 62.5° northern latitude, extending from 3.5° western to 87.5° eastern longi- 
tude (Table 1). It is distributed from sea level up to about 950 m a.s.l., with the highest 
records all lying below 1000 m a.s.l. It has been recorded so far from (west to east) south- 
ern Great Britain, northern France, Belgium, western and northern Switzerland, Luxem- 
bourg, Germany, Denmark, Austria, southern Sweden, Czech Republic, Slovenia, Hun- 
gary, Slovakia, Poland, Romania, Lithuania, southern Finland, Latvia, Belarus, Ukraine 
and Russia (southern North-West district, Central district, Wolga district, southern Ural 
district, southwestern Siberia district). Wu (2006) reports O. pilicornis from the Taihang 
mountains in Hebei province in northeastern China, which is about 2600 km to the east 
of the easternmost records of O. pilicornis in western Siberia. This record appears to be 
doubtful and needs verification as already demanded by Ebmer (2010). 


Phenology in Central Europe 


Osmia pilicornis emerges early in spring (Fig. 2). Its appearance coincides with that of 
other early bee species, such as Andrena bicolor Fabricius, Anthophora plumipes (Pallas), 
Eucera nigrescens Pérez, Osmia bicolor (Schrank) and Osmia bicornis (Linné). In Cen- 
tral Europe, the earliest records are 22 February for males and 18 March for females. 
Males have their peak activity from the last third of March to the first third of May and 
occasionally fly until mid May. The latest male record in Central Europe is 17 May. 
Females have their peak activity from the first third of April to the first third of June 
and occasionally fly until the end of July. The latest female record in Central Europe is 
4 August. While the males emerge only a few days before the females, their flight pe- 
riod is roughly one month shorter, indicating that the females have a distinctly longer 
average life span than the males. 


Nesting biology 


Nesting site 


Six nests of Osmia pilicornis were discovered in 2015 and 2016. Five nests were found 
on a 0.8 ha large and about five years old clear-cutting in a former spruce plantation 
with numerous plants of Pulmonaria mollis near Crailsheim (Baden-Wiirttemberg) in 
southern Germany (10.11°E 49.18°N, 450 m a.s.l., Fig. 42). One nest was detected 
in a recently thinned, very light and oak-dominated deciduous forest with large stands 
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Figure 2. Phenology of Osmia pilicornis in Central Europe. Central Europe is defined here to comprise 
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Austria, Czech Republic, Germany, Hungary, Poland, Switzerland, Slovakia and Slovenia. 


of Pulmonaria officinalis near Ernstbrunn (Niederdsterreich) in northeastern Austria 
(16.35°E 48.59°N, 330 ma.s.l., Fig. 44). 

All six nests were burrows excavated by the female bees in dead branches lying 
on sun-exposed ground (Table 2, Figs 3-11). One branch contained two separate 
nests built by two females (nesting site 1), another branch also contained two nests, 
which, however, were probably constructed by the same female (nesting site 3), and 
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Table |. Southern-, northern- western- and easternmost as well as highest records of Osmia pilicornis. 


Only one record per country is given for the southernmost, northernmost and highest records. 


Locality Source 
southernmost | Romania, Calarasi, Fundulea, 26.511E, 44.464N Aftene (1995) 
records Slovenia, Crni Vrh, Pasja ravan, 14.229E, 46.098N A. Gogala (personal communication) 


Hungary, Baranya, Mecsek, Remete-drok, 
18.217E, 46.118N 


M. Sarospataki (personal communication) 


database of Centre Suisse de 


Cartographie de la Faune (CSCF) 
M. Aubert and G. Le Goff (personal 


communication) 


Switzerland, Genéve, Dardagny, 5.949E, 46.177N 


France, Céte-d’Or, Reulle-Vergy, 4.905E, 47.181N 


northernmost | Russia, Karelia, Kondopozhskiy rayon, Tivdiya, 
records 33.961E, 62.561N 


Finland, Western Finland, Korpilahti, Korospohja, 
25.732E, 61.917N 


Sweden, Uppsala, Brindang, 17.482E, 60.447N A. Nilsson (personal communication) 
database of Global Biodiversity 


J. Paukkunen (personal communication) 


J. Paukkunen (personal communication) 


westernmost 


United Kingdom, Devon, 3.630W, 50.743N 


records Information Facility (GBIF) 

United Kingdom, Wales, Castell Coch, database of Global Biodiversity 

3.247W, 51.534N Information Facility (GBIF) 
easternmost Russia, Kemorovo, Tashtagol district, Kaz, aS: 
ar 87.542E, 53.108N T. Levchenko (personal communication) 

Russia, Kemerovo, Karakan Mountains, oh 

86.932E, 54.364N T. Levchenko (personal communication) 
highest Slovenia, Crni Vrh, Pasja ravan, 970m a.s.l. A. Gogala (personal communication) 
records Germany, Baden-Wiirttemberg, Swabian Jura, Westrich (2010, personal 

Obernheim, 950m a.s.l. communication) 

Switzerland, Bern, La Neuveville, Neuve Métairie, database of Centre Suisse de 

860m a.s.l. Cartographie de la Faune (CSCF) 


Austria, Salzburg, Hinterwinkl near Ebenau, 700m a.s.1.| M. Schwarz (personal communication) 


two branches contained one nest each (nesting sites 2 and 4). The branches selected as 
nesting sites had a length of 7.5—85 cm and a diameter of 1.5—6.1 cm, were largely hid- 
den under vegetation and belonged to four different tree or shrub species. ‘The females 
started to gnaw the nest burrows either in the apical area of branch fracture (n=4), on 
the side of the branch (n=1) or on the underside of the branch about 10 cm above 
ground (n=1). The nest entrances were exposed to south-southwest (n=3), southeast 
(n=1) or northeast (n=1). The hardness of the nesting wood varied from very hard 
(n=2) and moderately hard (n=1) to soft (n=1). 


Nest architecture 


The nests of Osmia pilicornis were composed of i) a burrow tunelled out by the female 
bee, ii) a varying number of brood cells each delimited towards the nest entrance by a 
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Figures 3-11. Nesting sites of Osmia pilicornis in dead fallen branches (see Table 2): 3—4 Nesting site 
1 with nests 1 and 2 in a branch of Fraxinus excelsior 5—6 Nesting site 2 with nest 3 in a branch of Picea 
abies T-9 Nesting site 3 with nests 4 and 5 in a branch of Salix spec. 10-11 Nesting site 4 with nest 6 in 


a branch of Corylus avellana. 
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cell partition, iii) a (facultative) empty space (“vestibule”) of varying length in front of 
the outermost cell and iv) a nest plug that closed the nest at the front end (Figs 12—14). 
There was no basal wall that sealed the nest burrow against the rear end. 

The excavated burrows consisted of a short entrance part, which was 6-7 mm long 
and 5—6.4 mm wide, and a main part, which ran in longitudinal direction of the branch 
and contained the brood cells. The main part deviated from the entrance part by an 
angle of 90—-140°. Depending on the number of brood cells, the total length of the 
burrows was 1.7—3.2 cm. The burrow and cell walls were neither lined with glandular 
secretions nor with leaf pulp except for a small area of less than 15 mm‘” in the rear- 
most brood cell of nest 4, which was covered by a thin layer of leaf pulp. In nest 3, the 
gnawing female obviously met a preexisting burrow of the cerambycid beetle Molorchus 
minor (Linné) running in longitudinal direction of the branch and adopted it as part of 
her own burrow by broadening its diameter from 2.8 mm to 5.7 mm (Fig. 13). 

The nests contained one (n=2), two (n=2) or three (n=1) linearly arranged brood 
cells. Brood cell number could not be assessed in one nest as the nesting branch disap- 
peared in the course of the study for unknown reasons. The brood cells had a length 
of 9.7-12.4 mm and a maximal width of 5.4—6.5 mm. They were widest in the centre 
and slightly constricted at both ends. ‘The cell partitions were one-layered and had a 
width of 1—1.25 mm along the burrow wall. 

Three out of five nests contained a vestibule between the outermost cell partition 
and the nest plug measuring 4-6 mm in length. In the other nests, no vestibule was 
developed; instead, the outermost cell partition was part of the nest plug. 

The nest plugs measured 3—7.5 mm in length. They were multi-layered and con- 
sisted of 2-4 and 1—2 mm thick walls, which were built immediately behind each 
other. The nest plugs were flush with the nest entrance (n=3) or recessed by 2.5—3.5 
mm (n=2). 

Both cell partitions and nest plug exclusively consisted of leaf pulp. At nesting sites 
1-3, females of Osmia pilicornis were repeatedly observed to collect leaf material from 
Fragaria vesca Linné (Fig. 19). 


Female nesting behaviour 


The females of Osmia pilicornis gnawed their nests in dead wood exclusively with the 
aid of their mandibles (Figs 15, 16, Suppl. material 2). At nesting site 1, the female was 
repeatedly observed to burrow for a period of 10-15 sec, before she left the nest for a 
short circular flight of 1-1.5 m diameter, during which she dropped the carved wood 
chips that she had held in her mandibles. Occasionally, the female pushed the wood 
chips with her legs backwards out of the nest. It took about 10 min from the start of 
carving at the surface of the very hard Fraxinus branch until head and mesosoma had 
disappeared within the substrate, indicating a remarkably high speed of tunneling. 
The shape of the female mandible of Osmia pilicornis differs from that of closely 
related Osmia (Melanosmia) species, such as O. inermis or O. parietina (Figs 21-26). 
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Figures 12-14. Opened nests of Osmia pilicornis in dead branches (see Table 2): 12 Nests 1 and 2 with 
three and two brood cells, respectively, each containing a cocoon spun by the O. pilicornis larva 13 Nest 
3 with one brood cell containing a cocoon spun by the O. pilicornis larva; at the bottom a pupa of Molor- 
chus minor (Cerambycidae) 14 Nests 4 and 5 with two and one brood cell, respectively, each containing 
a larval provision; an empty vestibule is present between the outermost cell partition and the nest plug in 


nest 4, while the cell partition is part of the nest plug in nest 5. 


In O. pilicornis, the mandible has a much broader and distinctly more inflated base, 
is relatively shorter, has less diverging margins and is apically only slightly curved in- 
wards giving it a more compact and chisel-shaped appearance. In addition, the up- 
permost mandibular tooth is more prominent being as large as the medial tooth so 
that the apices of all mandibular teeth are almost at the same height forming a regular 
three-toothed apical edge. 

The female of nest 1 needed 25 foraging flights to provision a single brood cell. 
This female spent 0.6—-19.9 min for one provisioning flight (mean 8.7 min, n=25) and 
remained 10—105 sec within the nest to deposit nectar and pollen (mean 48 sec, n=25). 
The female of nest 4 returning from a provisioning flight entered the nest head first to 
regurgitate nectar before she came out, turned around at the nest entrance and entered 
the nest metasoma first to comb pollen out of the scopa (Fig. 20, Suppl. material 3). 
The first phase lasted about 25 sec (n=2), suggesting that the regurgitation of nectar 
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Figures 15-20. Nesting behaviour of Osmia pilicornis (see Table 2): 15-16 Females of nests 1 and 4 
tunneling out burrows in dead branches 17-18 Females of nests 2 and 4 transporting small leaf frag- 
ments of Fragaria vesca to build brood cell partitions and nest plug 19 Female harvesting nest-building 
material on a leaf of Fragaria vesca 20 Female of nest 4 returning from a foraging flight with pollen-filled 


metasomal scopa. 


and the deposition of pollen require a similar amount of time. Turning at the nest 
entrance was not observed at nest 1. Here, there was probably enough space within 
the burrow allowing the female to turn inside the nest. At nest 1, the last provisioning 
flight took place at 7:27 pm (temperature 22 °C) and the first provisioning flight the 
subsequent day at 8:49 am (nesting site in full sunlight), indicating a remarkably long 
daily activity of more than 10.5 h under favourable conditions. 

The females harvested leaf material of Fragaria vesca with their mandibles (Fig. 19). 
They transported it as small leaf fragments rather than as masticated pellets back to 
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Figures 21-26. Female mandibles of three closely related Osmia (Melanosmia) species; left=mandible 
in front view, right=mandible from below: 21-22 O. pilicornis 23-24 O. inermis 25=26 O. parietina. 


Figures are not to scale. 


their nest (Figs 17, 18, Suppl. material 4). As cell partitions and nest plug were built 
mainly from masticated leaves, the leaf fragments were probably chewed to leaf pulp 
during their processing inside the nest. The collection of leaf pulp by the female of nest 
1 lasted 5—155 sec per flight including flight time (mean 27 sec, n=21) and its process- 
ing inside the nest 5—355 sec (mean 75 sec, n=21). 
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Brood parasites 


A female of the chrysidid wasp Chrysura hirsuta (Gerstaecker) was observed to visit nest 
1 on 11 May 2015 three times in succession (Fig. 37). During the first visit, the wasp 
lurked at a distance of 2 cm from the nest entrance during 19 min, before she entered 
the nest headfirst and left it a few seconds later backward. During the second visit, the 
wasp intruded the nest again headfirst, backed out and immediately entered the nest 
a second time, but now backward, thereby possibly laying an egg into the brood cell; 
after about 15 sec she reappeared at the nest entrance and flew away. During the third 
visit, the wasp was collected for identification. Similarly, females of C. hirsuta were 
repeatedly observed in the close neighbourhood of nest 6 on four days from 2 to 21 
April 2016. In contrast to nest 1, however, C. Airsuta was not observed to approach or 
enter the nest. 

Five out of the six brood cells of nests 1-3 discovered in 2015 were parasitized, 
suggesting a high pressure exerted by brood parasites on Osmia pilicornis. In all three 
cells of nest 1, including the cell that was entered by Chrysura hirsuta (see above), 
females of the ichneumonid wasp Hoplocryptus confector (Gravenhorst) developed. A 
female of the same ichneumonid species emerged from the rear cell of nest 2, while 
the front cell contained inside the larval cocoon of O. pilicornis a cocoon with a dead 
chrysidid wasp larva most probably of C. Airsuta. The only unparasitized cell was the 
single cell of nest 3, in which a male of O. pilicornis developed. 

As a possible further brood parasite we noticed a single triungulin larva of Meloe 
violaceus Marsham (Meloidae) adhering to the body of a male of Osmia pilicornis. 


Host plants 


Pollen hosts 


The microscopical analysis of 52 pollen loads originating from 49 different locali- 
ties in Central Europe revealed that Osmia pilicornis is polylectic harvesting pollen 
from the flowers of at least eight plant families (Table 3). However, pollen of the 
three families Boraginaceae, Fabaceae and Lamiaceae strongly dominated consti- 
tuting 93.5% of the total pollen grain volume. Pollen of all other plant families 
was recorded in small percentages only. By far the most important pollen host was 
Pulmonaria (Boraginaceae); its pollen represented 58.6% of the total pollen grain 
volume and was recorded in 35 (67.3%) out of 52 loads, 22 of which were pure Pul- 
monaria pollen loads. ‘The importance of Pulmonaria is also revealed by the finding 
that the larval provisions of three brood cells of nests 4 and 5 exclusively consisted 
of Pulmonaria pollen. The second most important pollen was of the Lathyrus-Vicia- 
type (Fabaceae), which unites the morphologically very similar pollen of the closely 
related genera Lathyrus and Vicia; this pollen type constituted 14.8% of the total 
pollen grain volume and was found in 15 (28.8%) loads. The third most important 
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Table 3. Pollen composition of female pollen loads of Osmia pilicornis. n=52 pollen loads from 49 different 
localities in Austria (n=18), Germany (n=16), Switzerland (n=13) and Czech Republic (n=5). 


, Plant genus/subfamily % pollen number of loads (%) | number (%) of 
Plant family ; ; : 
or pollen type grain volume | with this pollen type pure loads 
Boraginaceae | Pulmonaria DAD 3) 
Symphytum : 4 (7.7) 0 (0) 
Fabaceae Lathyrus-Vicia-type 15 (28.8) 4 (7.7) 
Anthyllis : Lh} 0 (0) 
Trifolium 0 (0) 
Lotus 0 (0) 
Hippocrepis : 1 (1.9) 0 (0) 
other p 3 (5.8) 0 (0) 
Lamiaceae tricolpate type 13 (25.0) 0 (0) 


hexacolpate type 0.6 9) 0 (0) 
Asparagaceae __ | Polygonatum 201 3 (5.8) 0 (0) 


Rosaceae Rubus Le (18:9) 
Caprifoliaceae | Lonicera 0 (0) 
Asteraceae Taraxacum 0 (0) 


Violaceae __| Viola 0 (0) 
unknown 1.9) 


pollen was tricolpate pollen of Lamiaceae represented by 13.9% of the total pollen 
grain volume and recorded in 13 (25.0%) loads. At our study sites, representatives 
of all these three main hosts were exploited by females of O. pilicornis for pollen, 
i.e. three Pulmonaria species (P mollis, P obscura and P officinalis), Lathyrus vernus 
(Linné) Bernhardi as well as Ajuga reptans Linné and Lamium purpureum Linné. In 
addition, pollen harvesting was also ascertained at the flowers of Glechoma hederacea 
Linné, a Lamiaceae species with hexacolpate pollen grains. 


Female flower-visiting behaviour 


Females of Osmia pilicornis used the specialized brush of hooked bristles on their pro- 
boscis to remove pollen from the narrow Pulmonaria corolla tubes (Fig. 34). Although 
the action of the mouthparts could not directly be seen as flower-visiting females pressed 
their head tightly against the small tube entrance, distinct back and forth movements of 
head and body during flower visitation as well as the conspicuous white coloured Pulmo- 
naria pollen that stuck to the black mouthparts after the females had withdrawn them 
from the flower clearly indicate that the flowers of both the longistylous and the brevisty- 
lous morph were brushed out with the aid of the bristled proboscis (Suppl. material 5). 
Careful examination of video sequences revealed that females removed the pollen from 
the proboscis in flight with the forelegs immediately after having left the flower (Fig. 33). 


Flower visits to brevistylous flowers resulted in substantial amounts of pollen sticking to 
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the lower half of the face, suggesting that both the bristled proboscis and the facial pilos- 
ity were involved in pollen collection from this flower morph (Fig. 32). Pollen collection 
on flowers of Lamiaceae also involved the facial pilosity. Females visiting flowers of Ajuga 
reptans and Glechoma hederacea pressed their forehead against the anthers while head and 
body performed rapid up and down movements, which led the pollen to pass over from 
the anthers to the facial pilosity (Fig. 35, Suppl. material 6). Pollen was removed from 
the facial pilosity again by stroking movements of the forelegs. 

Of a total of 478 flower visits by Osmia pilicornis females on Pulmonaria mol- 
lis, 458 were on red and 20 on blue flowers, revealing a distinct preference of the 
female bees for the earlier red flower stage (chi-square goodness-of-fit test, y*=435.6 
df=1, p<0.001; Figs 29, 30). 10.9% of the 458 red flowers visited by the female 
bees were still in the late bud stage. Here, the females forcefully opened the closed 
flowers with the aid of head and mouthparts before they harvested pollen and nec- 
tar (Fig. 31). The same behaviour could also be observed in several females exploit- 
ing flowers of P. obscura and P. officinalis. Bud-exploiting females were repeatedly 
observed to visit the same bud twice or three times in direct succession only inter- 
rupted by a short hovering flight in front of the bud. This suggests that the load- 
ing capacity of the pollen-harvesting bristles of the proboscis was not sufficient to 
completely empty the flower bud with a single visit, but that the females had first 
to remove the pollen sticking to their proboscis before landing again to harvest the 
remaining pollen. 

Flowers of Pulmonaria mollis in the red stage contained on average 1.65 ul nectar 
per flower, which did not significantly differ from the quantity of nectar in flowers of 
the blue stage averaging 2.06 ul per flower (Mann-Whitney U test, U=531.0, p=0.86, 
n=33 red and blue flowers each). ‘The filling degree of the anthers with pollen (measured 
as average degree of thecal pollen coverage, see Methods) was 64% in red and 8% in 
blue flowers of P. obscura and 67% in red and 9% in blue flowers of P. officinalis, re- 
vealing a substantial difference in the pollen quantity available in the two flower stages 
(Mann-Whitney U tests, U=6.5 and U=17.5, p<0.001, n=20 red and blue flowers each 
for both species). In 3 out of 20 P. officinalis flowers opened in the late bud stage all 
five anthers were still closed, whereas in 12 buds all anthers and in 5 buds part of the 
anthers had dehisced, indicating that most flowers in the late bud stage can already be 
exploited for pollen. 

Females of Osmia pilicornis exploited both longistylous and brevistylous flow- 
ers (Figs 27, 28). During the first observation period (see Methods), they exhibited 
a preference for brevistylous flowers (chi-square goodness-of-fit test, y*=14.7 df=1, 
p<0.001), while no difference in the proportion of visits to longistylous and brevisty- 
lous flowers was found during the second observation period (chi-square goodness-of- 
fit test, y°=0.65, df=1, p=0.42). 

Females of Osmia pilicornis regularly interrupted their foraging on Pulmonaria 
mollis to land on the ground for short periods varying in duration from 15 to 270 sec. 
During these resting periods, the mouthparts were constantly moved back and forth 
(Fig. 36, Suppl. material 7). Careful examination of video sequences revealed droplets 
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Figures 27-28. Floral morphs of Pulmonaria mollis in top and lateral view: 27 Longistylous flower with 
anthers deeply hidden within the floral tube 28 Brevistylous flower with anthers located at the entrance 
of the floral tube. 


of a fluid on the mouthparts, suggesting that this behaviour served to thicken the col- 
lected nectar. 


Male mating strategy 


On their search for females, males of Osmia pilicornis patrolled flowers of Pulmonaria 
in a rapid flight, which was regularly interrupted by short resting periods at sunny 
spots on or near the ground, such as fallen leaves, flexed grass blades or tree stumps 
(Fig. 38). These resting periods lasted from 10 to 40 sec. In one case a male returned to 
his resting place every 5-7 min at least ten times in succession, which suggests that this 
male patrolled along a more or less fixed circular route. The males occasionally discon- 
tinued their patrolling flights to suck nectar on flowers of Pulmonaria (Fig. 39). Males 
were never observed to search for females at or near nests, suggesting that (potential) 
nesting sites do not serve as rendezvous places for the two sexes. Three copulations were 
observed: in two cases the male grabbed the female during her visit to a Pulmonaria 
flower, in another case the male grasped the female in flight immediately after she had 
left a Pulmonaria flower. In all three cases the pair fell on the ground, where the copula- 
tion was completed within 50 to 80 sec (Fig. 40). 
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Figures 29-36. Flower-visiting behaviour of Osmia pilicornis: 29-30 Females collecting pollen on flow- 


ers of Pulmonaria mollis in the early red stage 31 Female forcefully opening a bud of Pulmonaria obscura 
32 Female collecting pollen on brevistylous flower of Pulmonaria mollis 33 Female removing pollen stick- 
ing to the bristled proboscis with her forelegs 34 Specialized pollen-harvesting bristles on the galeae of the 
female proboscis 35 Female collecting pollen on flower of Ajuga reptans 36 Female moving her proboscis 
back and forth, thereby probably thickening the collected nectar. 
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Figures 37-41. Brood parasites and male mating strategy of Osmia pilicornis: 37 Female of the chrysidid 


wasp Chrysura hirsuta lurking near nest of O. pilicornis 38 Male resting on flexed grass blades lying on the 
ground 39 Male sucking nectar on flower of Pulmonaria mollis 40 Pair separating after copulation on the 


ground 41 Male with well visible hairs along the posterior margin of the antennae. 
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Habitat 


During the study period, Osmia pilicornis was observed at nine different localities in 
Germany, Austria and Switzerland. At six further localities, where we recorded the 
species after 1990, its presence could not be confirmed. All localities including the 
unconfirmed ones were open-structured, deciduous woodland sites rich in dead wood 
between 330 and 650 maz.s.l. on rather nutrient-rich soil with a well developed layer of 
herbaceous spring flowers (Figs 42-47). More specifically, we found the species along 
forest edges (n=5) and broad forest tracks (n=3), on clear-cuttings and clearings (n=4) 
and in thinned forests (n=2) and coppiced woodland (n=1). 

The maximal number of individuals of Osmia pilicornis recorded at the same local- 
ity and date was three females and two males, while at most localities only one or two 
individuals were simultaneously observed, indicating very low population densities at 
the study sites. 


Discussion 


Nesting biology of Osmia pilicornis 


Our discovery of six nests at two localities in Germany and Austria built by at least five 
different bee individuals clearly show that females of Osmia pilicornis gnaw their nest 
burrows in dead wood. Thus, our findings contradict the assumption that O. pilicornis 
constructs its brood cells under loose bark (Amiet et al. 2004) or within preexisting 
insect borings (Earwaker 2014, Falk and Lewington 2015), but instead confirm obser- 
vations in Britain from the nineteenth century that O. pilicornis burrows in dead wood 
(Wallis 1886, Perkins 1891). Our findings also explain why the repeated attempts to 
establish O. pilicornis in trap nest composed of drilled borings in dead wood or hollow 
stems all have failed (R. Earwaker personal communication, R. Prosi and A. Miller 
unpublished data). 

Interestingly, the female mandibular shape of Osmia pilicornis differs from that 
of other O. (Melanosmia) species. Compared with closely related species that also use 
leaf pulp as nest building material but exclusively nest in preexisting cavities such as 
O. inermis (Zetterstedt) or O. parietina Curtis (Frey-Gessner 1880, Priesner 1981, 
Westrich 1989, Else and Edwards 1996, Hicks 2009, A. Miller unpublished data), 
the mandibles of O. pilicornis are relatively shorter, more compact and apically less 
curved resulting in a chisel-like shape that appears to be well suited to tunnel out bur- 
rows in dead wood. In addition, the distinctly broader and more inflated mandibular 
base suggests the presence of strong mandibular muscles, which might provide the 
needed strength to burrow even in hard wood. We thus hypothesize that the peculiar 
mandibular shape in females of O. pilicornis is an adaptation to the species’ specialized 
nesting behaviour. 
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Figures 42-49. Habitats of Osmia pilicornis: 42 Clear-cutting in southern Germany west of Crailsheim 


43 Forest edge in southern Germany northeast of Crailsheim 44 Coppiced woodland in northeastern 
Austria near Ernstbrunn 45=47 Thinned forests in northeastern Austria near Ernstbrunn (45) and in 
northern Switzerland near Flaach (46, 47) 48 Clear-cutting in southern England near Battle in East 
Sussex (photo R. Earwaker) 49 Pasture in semi-open, oak-dominated woodland in middle Sweden near 


Sparreholm in Sédermanland (photo A.L. Nilsson). 
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All six nests were in dead branches, which had a diameter of 1.5—6.1 cm, lay on the 
ground and were largely hidden under vegetation. A nest found by Chambers (1949) 
was also in a broken branch and we often observed females that searched for suitable 
nesting sites flying close to the ground and patrolling 2-10 cm thick branches. Nest- 
searching females were also repeatedly seen to fly or crawl under vegetation or grass 
tussocks. Thus, dead branches of moderate diameter lying on the ground and partly 
hidden by vegetation appear to represent the typical nesting site of Osmia pilicornis. 
The discovery of a nest of O. pilicornis in a tree stump by Bliithgen (1919), however, 
suggests that dead wood other than broken branches might occasionally also serve as 
nesting site. 

The six nests were carved out in dead branches of Fraxinus excelsior Linné, Picea 
abies (Linné) Karsten, Salix spec. and Corylus avellana Linné. The nest detected by 
Bliithgen (1919) was in a stump of Fagus sylvatica Linné and Chambers (1949) as- 
sumed the nesting branch he found to probably originate from Quercus. ‘The different 
kinds of wood selected as nesting substrate indicate that Osmia pilicornis is flexible in 
its choice of wood for nesting. A similar flexibility was observed with respect to the 
direction of the nest entrance and the hardness of the nesting wood. ‘The nest entrances 
were directed from northeast to south-southwest and both hard and soft wood was 
used as nesting substrate. 

The nests of Osmia pilicornis discovered in the course of our study contained only 
one to three brood cells, which is in line with Chambers (1949), who reported two 
cells for the nest he discovered. Thus, the construction of few-celled nests appears to 
be a typical trait of O. pilicornis. As females of osmiine bees usually lay up to 20 eggs 
during their lifetime under natural conditions (Raw 1972, Hawkins 1975, Correia 
1981, Haeseler 1982, Miiller 1994), a female of O. pilicornis is expected to construct a 
number of nests in several branches during her flight period. 

In all nests the main part of the nesting burrow, which harboured the brood cells 
and ran in longitudinal direction of the branch, deviated from the short entrance part 
by an angle of 90-140°. This suggests that the females gnawed into the wood until 
they reached a sufficient depth to continue their tunneling in longitudinal direction, 
which possibly might have been less labour intensive than gnawing perpendicular to 
the wood fibers. 

We identified leaves of Fragaria vesca as material to construct both cell partitions 
and nest plug. Interestingly, Westrich (2010) observed a female of Osmia pilicornis col- 
lecting leaf pulp on the same plant species, suggesting that Fragaria vesca might play a 
prominent role as source of nest-building material. 


Nesting biology of Osmia (Melanosmia) 


The nesting biology of Osmia species of the subgenus Melanosmia is diverse (Cane 
et al. 2007, Miller 2016, and references therein). While the majority of species con- 
struct cell partitions, nest plug or entire brood cells with leaf pulp as O. pilicornis, 
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others combine leaf pulp with wood fibers, pith, mud, sand grains or small pebbles, or 
exclusively use mud as nesting material, sometimes under addition of small pebbles. 
Although information on the nesting sites is available only for about 50 of the 135 O. 
(Melanosmia) species (Cane et al. 2007, Miiller 2016, and references therein), most 
species appear to nest in preexisting cavities, such as insect borings in dead wood, hol- 
low stems, holes and fissures in stones and walls, abandoned nests of other aculeates 
or deserted galls. Others attach their brood cells to the underside of stones, hide them 
among dense vegetation and litter or excavate their own burrows in the ground. So far, 
only two O. (Melanosmia) species are reported to occasionally gnaw burrows in dead 
wood. The Nearctic O. bucephala Cresson was observed to tunnel out burrows in a 
maple tree (Packard 1868) and the Holarctic O. nigriventris (Zetterstedt) was found 
to nest in burrows in bark and decaying wood, which were at least partly excavated 
by the female bees (Frey-Gessner 1881, Friese 1911, Amiet et al. 2004). However, at 
least the former species also colonizes preexisting burrows in dead wood or trap nests 
(Krombein 1967, Shefheld et al. 2003), suggesting a considerable intraspecific flexibil- 
ity in nest site selection. To the best of our knowledge, excavation of burrows in dead 
wood is unknown in osmiine bees other than Melanosmia. Thus, the nesting behav- 
iour of O. pilicornis, which constructs its brood cells most probably exclusively in self 
excavated burrows in dead wood, appears to be unique among both Melanosmia and 
the Osmiini, contributing a further facet to the astonishingly diverse nesting biology 
of the osmiine bees. 


Brood parasites 


No brood parasites have been recorded for Osmia pilicornis so far. However, Bliith- 
gen (1919) found larvae of Meloe beetles (Meloidae) adhering to the body of several 
specimens of O. pilicornis as we did in the present study, suggesting that these parasitic 
beetles might occasionally develop in nests of O. pilicornis. However, as osmiine bees 
have never been recorded as hosts of Central European Meloe species (Liickmann and 
Niehuis 2009), the beetle larvae might have used O. pilicornis simply for dispersal. 
Our observation of Chrysura hirsuta approaching, entering or flying in close neigh- 
bourhood of nests of Osmia pilicornis as well as the discovery of a dead chrysidid wasp 
larva inside a brood cell of nest 2 clearly reveals that O. pilicornis is a host of this chry- 
sidid wasp species. Chrysura species are metaparasitoids of osmiine bees (Krombein 
1967, Morgan 1984, Kunz 1989). After eclosion, their larvae attach to the body of the 
feeding bee larva with their mandibles and start devouring its host only after the latter 
has eaten the entire food provision and spun a cocoon. In the literature, several osmi- 
ine bee species are mentioned as hosts of C. hirsuta. However, not all of these records 
seem to be reliable as they are either based on personal communication rather than 
direct observation by the authors, are not detailed enough to judge their reliability or 
rely on the mere coocurrence of wasp and bee at the same place. Three osmiine bee 
species are confirmed hosts since C. /irsuta has been reared from their nests: Hoplitis 
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(Alcidamea) tuberculata (Nylander) (Trautmann 1918), Osmia (Melanosmia) inermis 
(Zetterstedt) (Xambeu in Buysson 1891, Evans 1896 as Osmia parietina, Maneval 
in Berland and Bernard 1938, Morgan 1984, Falk and Lewington 2015) and Os- 
mia (Melanosmia) xanthomelana (Kirby) (Trautmann 1918, Enslin 1920). Given their 
close relatedness with some of the above hosts and their main occurrence in mountain- 
ous or northern regions where C. /irsuta has its main distribution (Kunz 1989), the 
following species are probably also hosts of C. Airsuta, although no proof for the wasp’s 
development within their nests exists: Osmia (Melanosmia) nigriventris (Zetterstedt) 
(Zetterstedt in Berland and Bernard 1938, Trautmann 1927, Stoeckhert 1933, Pauk- 
kunen et al. 2014), Osmia (Melanosmia) parietina Curtis (Smith in Trautmann 1927, 
Dalla Torre in Berland and Bernard 1938, Falk and Lewington 2015) and Osmia 
(Melanosmia) uncinata Gerstacker (Forsius in Trautmann 1927, Falk and Lewington 
2015). Possible further hosts are Hoplitis (Anthocopa) villosa (Schenck) (Maneval in 
Berland and Bernard 1938), Osmia (Helicosmia) aurulenta (Panzer) (Benoist in Ber- 
land and Bernard 1938) and Osmia (Metallinella) brevicornis (Fabricius) (Trautmann 
1927). Although the authors report that C. Airsuta has been reared from nests of these 
latter three species, the evidence is ambiguous as these records are either not based on 
direct observation by the authors or lack necessary additional information. Chelostoma 
florisomne (Linné) was also supposed to be a host of C. Airsuta (Berland and Bernard 
1938) as the chrysidid wasp was observed to fly in the vicinity of its nests in dead wood 
(Frey-Gessner 1887). However, as H. tuberculata nested in the same dead wood as C. 
florisomne according to the author, C. hirsuta probably parasitized the former species. 
In summary, the above list of confirmed, probable and possible hosts includes numer- 
ous Melanosmia species, suggesting that species of this subgenus are the main hosts of 
C. hirsuta. Our new finding that C. hirsuta also attacks the nests of O. pilicornis sup- 
ports this assumption. 

In four brood cells of Osmia pilicornis in nest 1 and 2 the ichneumonid wasp Hop- 
locryptus confector developed. Hosts of this parasitoid wasp are mainly stem-nesting ac- 
uleate hymenopterans (Schwarz 2007 and references therein). As the wasp is known to 
parasitize species of both osmiine bees and chrysidid wasps, it remains unclear whether 
O. pilicornis served as host or whether the wasps developed as hyperparasitoids on the 
larvae of Chrysura hirsuta. 


Host plants 


Pollen hosts 


In this study, Pulmonaria (Boraginaceae) was identified as the most important pol- 
len host of Osmia pilicornis in Central Europe, supporting earlier findings by other 
authors (Stoeckhert 1933, Westrich 1989, Miller 1995, Amiet et al. 2004, Ebmer 
2010). Pulmonaria is also an important pollen source of O. pilicornis outside Central 


Europe (Arnold 1902, Benoist 1931, Moczar 1956, Papp 1965, Kuznetsova 1990, T- 
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Levchenko and L.A. Nilsson personal communication) and might therefore be consid- 
ered as the species’ main host across most of its range. This assumption is supported by 
the presence of a specialized morphological adaptation facilitating the exploitation of 
Pulmonaria flowers, i.e. numerous hooked bristles on the female proboscis, which are 
specifically used to brush pollen out of the narrow Pulmonaria corolla tubes (Miller 
1995, this study). Interestingly, Pu/monaria is lacking on the British Isles and British 
populations of O. pilicornis primarily rely on the pollen of two Lamiaceae species, i.e. 
Ajuga reptans and Glechoma hederacea (Chambers 1949, Beavis 2010, Earwaker 2014, 
Falk and Lewington 2015). Here, the specialized pollen-harvesting bristles seem to 
be without any function. As the phenologies of Pulmonaria and O. pilicornis are not 
fully congruent in continental Europe, where the flowering period of Pulmonaria usu- 
ally covers only about the first half of the bee’s flight period, females of O. pilicornis 
have to exploit other pollen hosts later in the season. ‘This again clearly indicates that 
O. pilicornis is not entirely dependent on Pulmonaria and that its populations might 
thrive also in the absence of the species’ main host. Nevertheless, the Central Euro- 
pean populations of O. pilicornis seem to be linked to localities with large Pulmonaria 
stands, which suggests that the efficient harvesting of Pulmonaria pollen in early spring 
facilitated by the specialized pollen harvesting device may provide a substantial advan- 
tage that might tie the bee to Pulmonaria. On the other hand, the apparently exclusive 
occurrence of O. pilicornis at localities where Pulmonaria is present might be an arte- 
fact since bee researchers use to search for this rare bee species at places with large Pul 
monaria stands. In fact, in Sweden populations of O. pilicornis exist at localities where 
Pulmonaria is absent (L.A. Nilsson and L. Norén personal communication). To date, 
the question must remain open whether Central European populations of O. pilicornis 
only occur at places with Pulmonaria stands or whether this rare bee has simply been 
overlooked at Pulmonaria free woodland sites. 

Major pollen hosts of Osmia pilicornis other than Pulmonaria are several species 
of Fabaceae and Lamiaceae. The analysis of female pollen loads (Table 3) in combina- 
tion with literature records and personal communication from bee researchers reveals 
that the most important pollen host genera of European populations of O. pilicornis 
are among the Fabaceae Lathyrus (Stoeckhert 1933, Westrich 1989, T. Levchenko 
and L.A. Nilsson personal communication) and Vicia (Westrich 1989, T. Levchenko 
personal communication) and among the Lamiaceae Ajuga (Stoeckhert 1933, Cham- 
bers 1949, Westrich 1989, Beavis 2010, Earwaker 2014, Falk and Lewington 2015, 
this study) and Glechoma (Earwaker 2014, this study). Additional albeit apparently 
only secondary pollen host genera of the Fabaceae are Anthyllis (Table 3), Hippocrepis 
(Stoeckhert 1933, Westrich 1989, Table 3), Lotus (Table 3) and Trifolium (T. Lev- 
chenko personal communication, Table 3) and of the Lamiaceae Lamium (this study) 
and Salvia (Westrich 1989). Pollen of other plant taxa seems to have only a minor 
significance for O. pilicornis. Confirmed pollen sources other than Pulmonaria and 
species of Fabaceae and Lamiaceae are Lonicera (Caprifoliaceae; Table 3), Polygonatum 
(Asparagaceae; Benoist 1931, Table 3), Potentilla (Rosaceae; Westrich 1989), Rubus 


(Rosaceae; L.A. Nilsson personal communication, Table 3), Symphytum (Boraginace- 
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ae; L.A. Nilsson personal communication, Table 3), Taraxacum (Asteraceae; Table 3) 
and Viola (Violaceae; Wallis 1886, Friese 1911, Benoist 1931, Chambers 1949, Elfv- 
ing 1968, Table 3). Most of these latter pollen host genera occur at woodland sites 
reflecting the bee’s exclusive habitat. 


Female flower-visiting behaviour 


Flower visiting females of Osmia pilicornis exhibited a distinct preference for Pulmo- 
naria flowers in the earlier red stage and only occasionally visited flowers in the later 
blue stage. As both stages were found to offer nectar in similar quantities, the near 
exclusive exploitation of flowers in the red stage is most likely due to differences in the 
amount of pollen. In fact, flowers in the red stage contained much more pollen than 
flowers in the blue stage, which were usually almost devoid of pollen due to their older 
age and the putatively higher number of flower visits they already had experienced. The 
forceful opening of Pulmonaria flower buds seems to be a regular behaviour as it could 
be observed in numerous females exploiting three different Pulmonaria species at three 
localities. Undoubtedly, this behaviour is highly adaptive as it enables the females to 
collect large quantities of pollen within a short period of time. 

Our results on the proportion of longistylous and brevistylous flowers visited by 
females of Osmia pilicornis are ambiguous. The females preferred brevistylous over 
longistylous flowers during the first observation period, but exhibited no preference 
for one of the two floral morphs during the second observation period. We hypoth- 
esize that this incongruency might possibly be due to Anthophora plumipes, which was 
common at the study site during the first but entirely lacked during the second obser- 
vation period. Like O. pilicornis, females of A. plumipes are morphologically adapted 
to remove pollen out of the narrow Pulmonaria flower tubes (Miiller 1995). Since O. 
pilicornis and A. plumipes are among the few flower visitors that can efficiently exploit 
longistylous flowers for their deeply hidden pollen, longistylous flowers should be more 
attractive to these two species due to their higher standing crop of pollen compared to 
brevistylous flowers, which can be exploited for pollen by a larger proportion of flower 
visitors. Thus, the numerous females of A. plumipes that visited the Pulmonaria flowers 
earlier in the season might possibly have preferentially emptied longistylous flowers, 
thereby indirectly forcing the few females of O. pilicornis to exploit a larger proportion 
of brevistylous flowers. Later in the season, when A. plumipes was no longer present, 
a higher proportion of unemptied longistylous flowers was available for O. pilicornis 
resulting in a more balanced visitation rate of longistylous and brevistylous flowers. 

Females of Osmia pilicornis collected pollen on nototribic flowers of the Lamiaceae 
with the aid of their facial pilosity. In contrast to numerous other bee species, which 
are equipped with a specialized pollen-collecting apparatus on clypeus and/or frons to 
harvest pollen on nototribic flowers (Miiller 1996, Rightmyer et al. 2011), the facial 
hairs of O. pilicornis are not specialized and correspond in length, density and shape 
to those of other O. (Melanosmia) species, such as O. inermis or O. parietina, which 


Distribution, biology and habitat of Osmia pilicornis 27 


do not harvest pollen from Lamiaceae but instead exploit mainly Fabaceae (Westrich 
1989, Miller 2016). 

In summary, females of Osmia pilicornis are highly adapted to efficiently collect 
pollen in several respects. On flowers of Pulmonaria, they use specialized bristles on 
the proboscis to brush pollen out of the corolla tubes, they almost exclusively exploit 
pollen-rich flowers in the red stage and they often steal pollen from still closed flowers 
by forcefully opening buds. On flowers of Lamiaceae, they remove pollen from the 
nototribic flowers by applying a specialized behaviour that involves the facial pilosity. 


Male mating strategy 


Although still only fragmentarily known, the mating strategy of the males of Osmia 
pilicornis seems to correspond to that of other osmiine bee species, such as Hoplitis 
zandeni (Teunissen and Van Achterberg) or Osmia spinulosa (Kirby). In these two spe- 
cies, both of which nest in empty snail shells (Miller 1994, Miiller and Mauss 2016), 
the males also patrol flowers of the female host plants in a fast flight along more or 
less fixed circular routes regularly interrupted by short resting periods on the ground. 
As in O. pilicornis, they do not search for females at potential nesting sites, probably 
since the habitat of the former species contains huge numbers of empty snail shells 
making nest localization difficult and the females of the latter species exhibit strict pol- 
len specialization making female detection straightforward. A similar discrepancy in 
the probability of finding females at Pulmonaria flowers and the widely scattered and 
inconspicuous nesting sites, respectively, might be the reason why flowers seem to serve 
as exclusive rendezvous places for the two sexes of O. pilicornis. In fact, the amount 
of dead fallen branches was often large in habitats occupied by O. pilicornis making it 
almost impossible for the males to localize nests. As the males of O. pilicornis were not 
observed to defend their flight routes against conspecifics as for example in O. (Mela- 
nosmia) maritima Friese (Haeseler 1982), their mating strategy might be best described 
as scramble competition polygyny (Thornhill and Alcock 1983). 

The males of Osmia pilicornis are characterized by numerous long hairs along the 
entire posterior margin of their antennae (Fig. 41). The function of this specialized pi- 
losity, which is unique among osmiine bees and gave O. “pilicornis” its species epithet, 
is unknown. As these hairs are absent in the female sex, they might possibly help in the 
perception of the females or play a role during copulation or courtship. 


Habitat 


Our observations confirm other authors, who assume Osmia pilicornis to be strongly 
restricted to woodland habitats (Stoeckhert 1933, Westrich 1989, Amiet et al. 2004, 
Falk and Lewington 2015). This clear habitat preference, which appears to be valid 
across the species’ entire range (Figs 48, 49), may primarily be explained by the need 
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for dead fallen branches as nesting sites. O. pilicornis never colonizes closed and 
dark forests but instead exhibits an exclusive preference for semi-open, sunny, rather 
warm and deciduous woodland habitats rich in dead wood below 1000 m a.s.l. The 
fact that the species usually colonizes mesophilous rather than xeric woodland is 
probably due to its need of a rich supply of pollen hosts flowering in early spring, 
which requires nutrient-rich edaphic conditions. The spectrum of open-structured 
woodland types colonized by O. pilicornis is surprisingly wide and ranges from clear- 
ings and clear-cuttings over forest edges and forest tracks to thinned and coppiced 
woodland, suggesting that dead fallen branches and a rich spring flora in combina- 
tion with a rather warm microclimate are the only requisites needed by the species. 
Interestingly, the majority of woodland habitats currently colonized by O. pilicornis 
in Central Europe owe their origin to human forest use. This raises the question 
about the primary habitats of the species in Europe in prehistoric times. We hypoth- 
esize that the primary habitats of O. pilicornis were either windfalls or woodland sites 
kept open by the former grazing megafauna (A. Nilsson personal communication, 
Bunzel-Driike et al. 2008). 

Populations of Osmia pilicornis at our study sites were remarkably small and of- 
ten contained only single individuals. Such low population densities seem to be typi- 
cal for O. pilicornis throughout its range. Of 516 records of O. pilicornis that could 
be assigned an exact date and contained information on individual numbers (see list 
of all distributional data in the Suppl. material 1), 91.1% had 1-2 individuals, 7.7% 
3-5 individuals and 1.2% 6-11 individuals recorded at the same locality and date. 
The highest number of females simultaneously observed at the same site was 7 and 
the highest number of males was 10. These overall very low population densities are 
probably not due to food limitation as Pulmonaria often occurs in large stands and 
O. pilicornis is able to collect pollen from a variety of plant taxa. Nor do they seem 
to be explained by special characteristics of the wood used for nesting as O. pilicornis 
was found to nest in dead branches of different species and of varying hardness. In- 
stead, we hypothesize that a high pressure by brood parasites might possibly be an 
important reason contributing to the low population densities. In fact, five out of 
the six brood cells of nests 1-3 were found to be parasitized. A high brood-parasite 
pressure would also explain why the females of O. pilicornis construct nests that con- 
tain only few brood cells, thereby possibly reducing the risk to loose all progeny after 
a brood parasite has detected a nest. 


Conservation 


Populations of Osmia pilicornis have regressed in many regions of Europe over the 
last decades resulting in the species’ inclusion in numerous regional or national red 
lists (Amiet 1994, Winter 1994, Dathe and Saure 2000, Saure 2005, Westrich et al. 
2000, 2008, Van der Smissen 2001, Theunert 2002, Mandery et al. 2003, Burger 
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et al. 2004, Burger 2005, Straka 2005, Tischendorf et al. 2009, Esser et al. 2010, 
Earwaker 2012). In our study, O. pilicornis was no longer found at six out of 15 lo- 
calities, although the former were still colonized 3-25 years ago, supporting its status 
as a declining and threatened species. Although this recent decline is poorly under- 
stood, changes in woodland management practices might be an important reason, 
in particular the abandonment of the area-wide but little intensive former human 
forest use, which led to the closed and dark forests now prevailing in most regions 
of Central Europe at lower elevations. Due to the species’ overall rareness and low 
population densities, its widely scattered and often highly localized occurrence and 
the reported recent declines, current Central European populations of O. pilicornis 
need regular monitoring and deserve protection. Measures to conserve and foster O. 
pilicornis should focus on the preservation of the semi-open structure and the rich 
supply of dead wood in currently colonized woodland habitats as well as the new 
creation of such habitats by thinning or clearing of woodland on nutrient-rich soils 
at warm but not xeric sites, preferentially in close neighbourhood to existing popula- 
tions of O. pilicornis. 


Acknowledgments 


F Amiet, M. Aubert, P. Bogusch, FE Burger, R. Burger, I. Calabuig, A.W. Ebmer, J. 
Esser, A. Fateryga, M. Fellendorf, U. Frommer, G. LeGoff, A. Gogala, FE Gusenleitner, 
M. Herrmann, K. Hirt, T. Levchenko, W.H. Liebig, H. Madsen, I. Malenovsky, K. 
Mandery, H. Martz, A. Nilsson, L. Norén, J. Paukkunen, A. Pauly, M. Raekunnas, 
M. Sarospataki, M. Schwarz, M. Schindler, S. Schmidt, J. Straka, R. Theunert, B. To- 
mozii, J. Van der Smissen, J. Voith, EF Wagner, P. Westrich and S. Yakovleva provided 
information on distribution, biology and habitat of Osmia pilicornis. V. Mauss, H.R. 
Schwenninger and U. Weibel helped with fieldwork. R. Earwaker and L.A. Nilsson 
provided habitat photos. U. Bense, K.-H. Johe, S. Klopfstein, H. Ostrow, E Rapp, 
M. Schwarz and M. Thiv helped with the identification of beetles, fungi, dead wood, 
Pulmonaria and ichneumonid wasps. F. Schweingruber identified the wood of nests 
4 and 5 by anatomical analysis. K. Dettner, A. Kratochwil and M. Thiv provided 
literature. R. Eastwood (ETH Zurich), F. Gusenleitner (Biologiezentrum Linz) and 
U. Weibel (Museum Allerheiligen Schafthausen) allowed removal of pollen from col- 
lected specimens. H. Baur (Natural History Museum Bern) kindly provided access to a 
digital imaging system for taking photomicrographs. The Wildbienen-Kataster Baden- 
Wiirttemberg, the Bayerisches Landesamt ftir Umwelt/Artenschutzkartierung Bayern, 
the Centre Suisse de Cartographie de la Faune (CSCF), the ZOBODAT database of 
the Biologiezentrum Linz and the Global Biodiversity Information Facility database 
(GBIF Occurrence Download https://doi.org/10.15468/dl.hekosu, 14th July 2016) 
provided distributional data. R. Earwaker, T. Griswold, V. Mauss and J. Neff made 


helpful comments on earlier drafts of the manuscript. 


30 Rainer Prosi et al. / Journal of Hymenoptera Research 52: 1-36 (2016) 


References 


Aftene M (1995) Contribupii la studiul Megachilidelor (Insecta, Hymenoptera, Megachilidae) 
din Romania (sistematica, faunistica, biologie, ecologie °i etologie). PhD Thesis, Alexandru 
Ioan Cuza Iasi University, Faculty of Biology. 

Amiet F (1994) Rote Liste der gefahrdeten Bienen der Schweiz. In: Duelli P (Ed.) Rote Listen 
der gefahrdeten Tierarten in der Schweiz. Bundesamt fiir Umwelt, Wald und Landschaft, 
Bern, 38-44. 

Amiet F, Herrmann M, Miller A, Neumeyer R (2004) Apidae 4: Anthidium, Chelostoma, 
Coelioxys, Dioxys, Heriades, Lithurgus, Megachile, Osmia, Stelis. Fauna Helvetica 9: 1-274. 

Arnold N (1902) Catalogus Insectorum Provinciae Mohileviensis. Frolov Printing House, St. 
Petersburg, 150 pp. 

Banaszak J, Romasenko L (2001) Megachilid bees of Europe (Hymenoptera, Apoidea, Mega- 
chilidae). Bydgoszcz University, Bydgoszcz, 239 pp. 

Beavis IC (2012) Osmia pilicornis and other rarities in the High Weald near Tunbridge Wells. 
BWARS Newsletter spring 2012: 26-27. 

Benoist R (1931) Les osmies de la faune francaise (Hymenopt. Apidae). Annales de la Société 
Entomologique de France 100: 23-60. 

Berland L, Bernard F (1938) Hyménopteres vespiformes II (Cleptidae, Chrysidae, Trigonalidae). 
Faune de France 34: 1-145. 

Bliithgen P (1919) Die Bienenfauna Pommerns. Stettiner Entomologische Zeitung 80: 65-131. 

Brys R, Jacquemyn H, Beeckman T (2008) Morph ratio variation, population size and female re- 
productive success in distylous Pulmonaria officinalis (Boraginaceae). Journal of Evolutionary 
Biology 21: 1281-1289. doi: 10.1111/j.1420-9101.2008.01569.x 

Bunzel-Driike M, Driike J, Vierhaus H (2008) Der Einfluss von Grossherbivoren auf die 
Naturlandschaft Mitteleuropas. In: Wiesbauer H (Ed.) Die Steppe lebt - Felssteppen 
und Trockenrasen in Niederdsterreich. Amt der niederdsterreichischen Landesregierung, 
Abteilung Naturschutz, St. Pélten, 17-26. 

Burger F (2005) Rote Liste Wildbienen Sachsen. Materialien zu Naturschutz und Landschaft- 
spflege 2005: 1-37. https://www.umwelt.sachsen.de/umwelt/download/natur/Rote_Liste_ 
Wildbienen.pdf 

Burger F, Ruhnke H, Dorn M (2004) Rote Liste der Wildbienen (Hymenoptera: Apidae) des 
Landes Sachsen-Anhalt. In: Rote Listen Sachsen-Anhalt. Berichte des Landesamtes ftir 
Umweltschutz Sachsen-Anhalt, 356-365. 

Buysson R du (1891-1896) Les Chrysides. In: André E (Ed.) Species des Hyménoptéres 
d'Europe et d’Algerie 6, 758 pp. 

Cane JH, Griswold T, Parker FD (2007) Substrates and materials used for nesting by North Ameri- 
can Osmia bees (Hymenoptera: Apiformes: Megachilidae). Annals of the Entomological Soci- 
ety of America 100: 350-358. doi: 10.1603/0013-8746(2007) 100[350:SAMUEN]2.0.CO;2 

Chambers V (1949) Hymenopteran Aculeata of Bedfordshire. Transactions of the Society for 
British Entomology 9: 197—252. 

Correia MMDA (1981) Contribution 4 l’étude de la biologie d’ Heriades truncorum (Hym., 
Apoidea, Megachilidae). II. Aspect éthologique. Apidologie 12: 221-256. doi: 10.1051/ 
apido:19810302 


Distribution, biology and habitat of Osmia pilicornis 31 


Dathe HH, Saure C (2000) Rote Liste und Artenliste der Bienen des Landes Brandenburg 
(Hymenoptera: Apidae). Naturschutz und Landschaftspflege in Brandenburg 9: 1-35. 
Earwaker R (2012) Habitat assessment for the conservation of Osmia pilicornis Smith. Un- 
published report to the Royal Society for the protection of Birds (RSPB), 1-18. http:// 
www.highweald.org/downloads/publications/land-management-guidance/woodland- 

guidance/1147-osmia-pilicornis-survey-report-2012/file.html 

Earwaker R (2014) Species fact-sheet: fringe-horned mason bee. http://www.highweald.org/ 
downloads/publications/land-management-guidance/woodland-guidance/ 1 146-fringe- 
horned-mason-bee-osmia-pilicornis-factsheet/file.html 

Ebmer AW (2010) Ostliche Verbreitungsgrenzen mitteleuropaischer Megachilidae in China 
entsprechend Fauna Sinica 44, Hymenoptera, Megachilidae, von Wu Yanru. Linzer biolo- 
gische Beitrage 42: 599-611. 

Elfving R (1968) Die Bienen Finnlands. Fauna Fennica 21: 1-69. 

Else GR, Edwards M (1996) Observations on Osmia inermis (Zetterstedt) and O. uncinata 
Gerstacker (Hym., Apidae) in the central Scottish highlands. Entomologist’s Monthly Ma- 
gazine 132: 291-298. 

Enslin E (1920) Beitrag zur Biologie der Osmia xanthomelana K. (fuciformis LTR.). Zeitschrift 
ftir wissenschaftliche Insektenbiologie 16: 127-132. 

Esser J, Fuhrmann M, Venne C (2010) Rote Liste und Gesamtartenliste der Wildbienen und 
Wespen (Hymenoptera: Apidae, Crabronidae, Sphecidae, Ampulicidae, Pompilidae, Ve- 
spidae, Tiphiidae, Sapygidae, Mutillidae, Chrysididae) Nordrhein-Westfalens. Ampulex 
2: 5-60. 

Evans W (1896) On the occurrence in Scotland of Andrena ruficrus Nyl. (a bee new to british 
list), and other rare aculeate Hymenoptera. The Annals of Scottish Natural History 1899: 
158-160. 

Falk S, Lewington R (2015) Field Guide to the Bees of Great Britain and Ireland. Bloomsbury, 
British Wildlife Publishing, 1-432. 

Frey-Gessner E (1880) Exkursionen im Sommer 1879. Mitteilungen der Schweizerischen En- 
tomologischen Gesellschaft 5: 515-589. 

Frey-Gessner E (1881) Meine Exkursionen im Sommer 1880 (Hymenoptera). Mitteilungen 
der Schweizerischen Entomologischen Gesellschaft 6: 105-118. 

Frey-Gessner E (1887) Fauna Insectorum Helvetiae. Hymenoptera Chrysididae 1887: 1-90. 

Friese H (1911) Apidae I. Megachilinae. Das Tierreich 28: 1-440. 

Haeseler V (1982) Zur Bionomie der Kiistendiinen bewohnenden Biene Osmia maritima (Hy- 
menoptera: Apoidea: Megachilidae). Zoologisches Jahrbuch ftir Systematik 109: 117-144. 

Hawkins WA (1975) Nesting biology of Osmia georgica (Hymenoptera: Megachilidae). Journal 
of the Kansas Entomological Society 48: 493-499. 

Hicks B (2009) Observation of the nest structure of Osmia inermis (Hymenoptera: Mega- 
chilidae) from Newfoundland, Canada. Journal of the Canadian Entomological Society 
5: 12-18. 

Krombein KV (1967) Trap-nesting wasps and bees: life histories, nests, and associates. Smith- 
sonian Press, Washington DC, 570 pp. 

Kunz PX (1994) Die Goldwespen (Chrysididae) Baden-Wiirttembergs. Beihefte zu den Veréf- 
fentlichungen ftir Naturschutz und Landschaftspflege in Baden-Wiirttemberg 77: 1-188. 


32 Rainer Prosi et al. / Journal of Hymenoptera Research 52: 1-36 (2016) 


Kuznetsova VT (1990) The Hymenoptera of the Galich’ya Gora Nature Reserve. Information- 
al Report. All-Union Institute for Information in Science and Technology of the Academy 
of Sciences of the USSR, Moscow, 85 pp. 

Liickmann J, Niehuis M (2009) Die Olkafer in Rheinland-Pfalz und im Saarland. Gesellschaft 
fir Naturschutz und Ornithologie Rheinland-Pfalz, 480 pp. 

Mandery K, Voith J, Kraus M, Weber K, Wickl K-H (2003) Rote Liste gefahrdeter Bienen 
(Hymenoptera: Apidae) Bayerns. In: Rote Liste gefahrdeter Tiere Bayerns. Schriftenreihe 
Bayerisches Landesamt ftir Umweltschutz 166: 198-207. 

Moczar L (1956) Hymenopteroldgiai jegyzetek IV. Janus Pannonius Mizeum Evkényve 1956: 
181-183. 

Morgan D (1984) Cuckoo-wasps, Hymenoptera, Chrysididae. Handbooks for the Identifica- 
tion of British Insects 6(5): 1-37. 

Miller A (1994) Die Bionomie der in leeren Schneckengehausen nistenden Biene Osmia spinu- 
losa (Kirby 1802) (Hymenoptera, Megachilidae). Veréffentlichungen ftir Naturschutz und 
Landschaftspflege Baden-Wiirttemberg 68/69: 291-334. 

Miller A (1995) Morphological specializations in Central European bees for the uptake of 
pollen from flowers with anthers hidden in narrow corolla tubes (Hymenoptera: Apoidea). 
Entomologia Generalis 20: 43-57. doi: 10.1127/entom.gen/20/1995/43 

Miller A (1996) Convergent evolution of morphological specializations in Central European 
bee and honey wasp species as an adaptation to the uptake of pollen from nototribic flow- 
ers (Hymenoptera, Apoidea and Masaridae). Biological Journal of the Linnean Society 57: 
235-252. doi: 10.1111/j.1095-8312.1996.tb00311.x 

Miiller A (2015) Nest architecture and pollen hosts of the boreoalpine osmiine bee species 
Hoplitis (Alcidamea) tuberculata (Hymenoptera, Megachilidae). Journal of Hymenoptera 
Research 47: 53-64. doi: 10.3897/JHR.47.7278 

Miiller A (2016) Palaearctic Osmiine Bees, ETH Ziirich. http://blogs.ethz.ch/osmiini 

Miller A, Mauss V (2016) Palaearctic Hoplitis bees of the subgenera Formicapis and Tkalcua 
(Megachilidae, Osmiini): biology, taxonomy and key to species. Zootaxa 4127: 105-120. 
doi: 10.11646/zootaxa.4127.1.5 

Oberrath R, Zanke C, B6hning-Gaese K (1995) Triggering and ecological significance of floral 
color change in Lungwort (Pulmonaria spec.). Flora 190: 155-159. 

Oberrath R, Bohning-Gaese K (1999) Floral color change and the attraction of insect pollinators 
in lungwort (Pulmonaria collina). Oecologia 121: 383-391. doi: 10.1007/s004420050943 

Olesen JM (1979) Floral morphology and pollen flow in the heterostylous species Pulmonaria 
obscura Dumort (Boraginaceae). The New Phytologist 82: 757-767. doi: 10.1111/j.1469- 
8137.1979.tb01670.x 

Packard AS (1868) The home of the bees. American Naturalist 1: 364—378, 596-606. doi: 
10.1086/270153 

Papp J (1965) Contribution to the Hymenopterous Fauna of the Mts. Bakony (West Hun- 
gary), III. Apoidea. Folia Entomologica Hungarica 18: 305-358. 

Paukkunen J, Rosa P, Soon V, Johansson N, Odegard F (2014) Faunistic review of the cuckoo 
wasps of Fennoscandia, Denmark and the Baltic countries (Hymenoptera: Chrysididae). 


Zootaxa 3864: 1-67. doi: 10.11646/zootaxa.3864.1.1 


Distribution, biology and habitat of Osmia pilicornis 33 


Perkins RCL (1891) Aculeate Hymenoptera in Wiltshire in 1890. The Entomologists monthly 
magazine 27: 79-80. 

Priesner E (1981) Beobachtungen zur Nistbiologie der Alpen-Mauerbiene Osmia inermis Zett. 
(Hymenoptera: Apoidea, Megachilidae). Carinthia 171/91: 349-356. 

Raw A (1972) The biology of the solitary bee Osmia rufa (Megachilidae). Transactions of 
the Royal Entomological Society London 124: 213-229. doi: 10.1111/j.1365-2311.1972. 
tb00364.x 

Rightmyer MG, Deyrup M, Ascher JS, Griswold T (2011) Osmia species (Hymenoptera, Meg- 
achilidae) from the southeastern United States with modified facial hairs: taxonomy, host 
plants, and conservation status. ZooKeys 148: 257-278. doi: 10.3897/zookeys.148.1497 

Rightmyer MG, Griswold T, Arduser MS (2010) A review of the non-metallic Osmia (Mela- 
nosmia) found in North America, with additional notes on palearctic Melanosmia (Hyme- 
noptera, Megachilidae). ZooKeys 60: 37-77. doi: 10.3897/zookeys.60.484 

Saure C (2005) Rote Liste und Gesamtartenliste der Bienen und Wespen (Hymenoptera part.) 
von Berlin mit Angaben zu den Ameisen. Der Landesbeauftragte fiir Naturschutz und 
Landschaftspflege/Senatsverwaltung ftir Stadtentwicklung. Rote Listen der gefahrdeten 
Pflanzen und Tiere von Berlin. CD-ROM, 1-61. 

Schwarz M (2008) Revision der westpalaarktischen Arten der Gattung Hoplocryptus (Hyme- 
noptera, Ichneumonidae). Linzer biologische Beitrage 39: 1161-1219. 

Sheffield CS, Kevan PG, Smith RF, Rigby SM, Rogers REL (2003) Bee species of Nova Scotia, 
Canada, with new records and notes on bionomics and floral relations (Hymenoptera: 
Apoidea). Journal of the Kansas Entomological Society 76: 357-384. 

Smith F (1846) A supplementary paper containing descriptions of a few species of bees recently 
discovered or omitted in the descriptions of the genera to which they belong. The Zoolo- 
gist 4: 1566-1568. 

Stoeckhert FK (1933) Die Bienen Frankens (Hym. Apid.). Eine ékologisch-tiergeographische 
Untersuchung. Beiheft Deutsche Entomologische Zeitschrift 1932: 1-294. 

Straka J (2005) Apoidea (véeli). In: Farkac J, Kral D, Skorpik M (Eds) Cerveny seznam 
ohrozenych druhu Ceské republiky. Bezobratli. List of threatened species in the Czech 
Republic. Invertebrates. Agentura ochrany piirody a krajiny CR, Praha, 392-405. 

Siissenguth K (1936) Uber den Farbwechsel von Bliiten. Berichte der deutschen botanischen 
Gesellschaft 54: 409-417. 

Theunert R (2002) Rote Liste der in Niedersachsen und Bremen gefahrdeten Wildbienen mit 
Gesamtartenverzeichnis. Informationsdienst Naturschutz Niedersachsen 3: 138—160. 
Thornhill R, Alcock J (1983) The Evolution of Insect Mating Systems. Harvard University 

Press, Cambridge and London, 547 pp. doi: 10.4159/harvard.9780674433960 

Tischendorf S, Frommer U, Fliigel H-J, Schmalz K-H, Dorow WHO (2009) Kommentierte 
Rote Liste der Bienen Hessens - Artenliste, Verbreitung, Gefahrdung. Hessisches Minis- 
terium fir Umwelt, Energie, Landwirtschaft und Verbraucherschutz, Wiesbaden, 152 pp. 

Tkalcti B (1983) Die europaischen Osmia-Arten der Untergattung Melanosmia (Hymenoptera, 
Apoidea, Megachilidae). Vestnik Ceskoslovenske Spolecnosti Zoologicke 47: 140-159. 

Trautmann W (1918) Beitrag zur Biologie von Chrysis hirsuta Gerst. Zeitschrift fir wissen- 
schaftliche Insektenbiologie 14: 165-168. 


34 Rainer Prosi et al. / Journal of Hymenoptera Research 52: 1-36 (2016) 


Trautmann W (1927) Die Goldwespen Europas. Weimar, 194 pp. 

Van der Smissen J (2001) Die Wildbienen und Wespen Schleswig-Holsteins - Rote Liste. 
Landesamt ftir Natur und Umwelt des Landes Schleswig Holstein, 138 pp. 

Wallis H (1886) Aculeate Hymenoptera in 1886. The Entomologists monthly magazine 23: 
134-136. 

Westrich P (1989) Die Wildbienen Baden-Wiirttembergs. Ulmer, Stuttgart, 972 pp. 

Westrich P (2010) Eine seltene Beobachtung mit neuen Erkenntnissen tiber Osmia pilicornis (Lun- 
genkraut-Mauerbiene). http://www.wildbienen. info/forschung/beobachtung20100525.php 

Westrich P, Frommer U, Mandery K, Riemann H, Ruhnke H, Saure C, Voith J (2008) Rote 
Liste der Bienen Deutschlands (Hymenoptera, Apidae). Eucera 1: 33-87. 

Westrich P, Schwenninger HR, Herrmann M, Klatt M, Klemm M, Prosi R, Schanowski A 
(2000) Rote Liste der Bienen Baden-Wiirttembergs. Landesanstalt fiir Umweltschutz 
Baden-Wiirttemberg, 56 pp. 

Winter R (1994) Rote Liste der Wildbienen Thiiringens (Hymenoptera: Apoidea). Landschaft- 
spflege und Naturschutz in Thiiringen 31: 86-90. 

Wu Y (2006) Insecta Hymenoptera Megachilidae. Fauna Sinica 44: 1-474. 


Supplementary material | 


List of distributional data of Osmia pilicornis 

Authors: Rainer Prosi, Heinz Wiesbauer, Andreas Miiller 

Data type: distributional data 

Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited. 


Supplementary material 2 


Female of Osmia pilicornis gnawing nesting burrow 
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Female of Osmia pilicornis provisioning brood cell 
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Female of Osmia pilicornis collecting pollen on Ajuga reptans 
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Female of Osmia pilicornis thickening nectar 
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